ABSTRACT Channel catf~sh Ictalurus punctatus that s u m v e d a natural infect~on of Edwardslella lctalun demonstrated a strong relahonsh~p between E ictaluri aggluhnahon a n t~b o d y tlter and degree of protechon upon challenge Intrapentoneal injection of 2 0 X lo7 cells fish-' killed 100 % of f~s h with ant~body titers of 0 and 128 (low) 77 8 % of fish with bters from 256 to 512 (medium) and 57 7 % of the fish with hters of >l024 (high) A second challenge tnal usmg 5 1 x 105 cells f~s h -' produced 72 2 % mortahty in fish with no detectable antibody titers 51 3 % In low a n t~b o d y titer flsh 25 0 % in m e d~u m antibody tlter fish and 6 5 % in h~g h a n t~b o d y titer fish These results demonstrate that channel catfish have protective antibodies after they are exposed to E lctalun but that a titer of over 256 1s necessary to ensure detectable protect~on against an ~njected challenge If fish are challenged with large numbers of pathogen this protechve immunity can be overcome Administration of E ictalun cell extract impregnated feed every 5 or 10 d to fish vaccinated by inlection resulted in the fish malntainmg theu anbbody titer, whereas the antibody titers of fish receiving no oral vaccine continued to dechne
INTRODUCTION
Enteric septicemia of catfish (ESC) is the most serious infectious disease of the catfish industry in the United States. The causative agent of ESC is Edwardsiella ictaluri (Hawke et al. 1981) and during the past decade, this organism has caused millions of dollars in losses among cultured channel catfish Ictalurus punctatus. It has been shown that channel catfish which either survive an ESC epizootic, or are vaccinated with an E. ictaluri bacterin, produce agglutinating humoral antib o d e s , Vinitnantharat & Plumb 1992 . The significance of these antibodies is unclear, but Saeed & Plumb (1986) indicated that humoral antibody titers to E. ictaluri lipopolysaccharide (LPS) must exceed 1 : 500 before the fish are protected against challenge with live E. ictaluri. Furthermore, it has been reported that high agglutinating antibody titers against the LPS of Aerornonas salmonicida &d not correlate with protection against furunculosis (Michel & 1982), and Cossarini-Dunier (1986) was unable to show a correlation between serum antibody and protection in trout vaccinated against enteric redmouth d s e a s e ( Yersinia ruckeri). The objective of this study was to determine the humoral antibody level to Edwardsiella ictaluri in channel catfish after an epizootic of ESC and to determine if their immunity to reinfection was related to antibody titers. A second objective was to determine if feeding a diet containing cell extracts of E. ictaluri (oral vaccine) cells to injection-vaccinated fish would maintain a humoral antibody titer.
METHODS
Channel catfish (average weight 19.1 g) that had survived a natural Edwardsiella ictaluri infection were bled to determine agglutinating antibody titer against E. ictaluri. Individual fish were marked by a fin-clip so they could be identified later and the agglutination antibody titer of individual fish was determined by the method of Sandick & Rose (1980) . The fish were dvided into 4 groups based upon their antibody titer 
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" Titer was the highest dilution of serum that produced agglutination of E. ictaluri (Sandick & Rose 1980) (reciprocal of the greatest dilution of serum producing agglutination): negative (0 titer), low titer (< 128), medium titer (256 and 512), and high titer (> 1024) ( Table 1) . Each group was challenged by intraperitonea1 injection with 2.0 X 107 cells fish-' of virulent E. ictaluri (ALG-88-122 isolated from the h d n e y of a moribund channel catfish, Greensboro, Alabama, 1988) and stocked into a 100 1 aerated trough with a flow rate of 1 1 min-' of fresh water (25 + 1 "C). Mortality was recorded for a period of 14 d and dead fish were necropsied for the presence of E. ictaluri in the kidney. In a second trial, performed 2 wk after the first but in the same manner as the first trial, the fish were divided into groups that had 0, low, medium, and high antibody titers (Table 1) . These fish were challenged by intraperitoneal injection using 5.1 X 10' cells fish-' of E. ictaluri rather than the higher challenge dose used in the first trial. The mortalities in groups of fish with different antibody titers were compared statistically by the regression coefficient method described by Zar (1984) .
Edwardsiella ictaluri ALG-88-122 was grown in 1 1 brain heart infusion broth on a stirring plate for 36 h at 25°C. Cells were killed in 1 % formalin and harvested by centrifugation at 600 X g for 10 min at 4 "C. The cells were washed 3 times in 4OC of 0.05 M Tris buffer (100 ml) that contained 1 mM ethylenediaminetetraacetic acid (Tris-EDTA) at pH 7.8 using centrifugation (1900 x g for 10 min). The cells were finally resuspended in 25 m1 of Tris-EDTA buffer and disrupted twice in a French press (Lugtenberg & Van Alphen 1983) at 2500 kg cm-'. Intact cells and cell debris were removed by centrifugation (1900 X g, 4°C 5 min). The supernatant was collected and designated as 'cell extract'. Protein concentration of the cell extract was determined by the method of Dulley & Grieve (1975) and the extract was used to vaccinate channel catfish.
The antigen-impregnated feed was prepared by adding 20 m1 of cell extract, containing 2.0 mg protein ml-' to 100 g of commercial floating channelcatfish feed, and thoroughly mixing immediately before use. Each of the 190 channel catfish (average size 39.0 g) was immunized by intraperitoneal injection with 0.1 m1 of 5.0 mg protein ml-' of the cell extract from Edwardsiella ictaluri. Fish were divided into 3 groups of 90,50, and 50 fish each and stocked into separate 1 m3 cages in a 0.8 ha pond. All fish were fed control feed daily at 2 % of body weight. The group of 90 control fish which received the non-vaccine-feed was monitored weekly for E. ictaluri antibody. When the antibody titer in the control group had declined for 3 consecutive sampling periods, one test group was fed with antigen-impregnated feed every 5th day while the second test group was fed the antigenimpregnated feed every 10th day. As with the controls, these feedings were at 2 "/o oi the body weight. Ten fish from each group were then sampled for antibody titers weekly after initiating feeding of the antigen-impregnated feed. The patterns of antibody titers were plotted and compared among the 3 groups.
RESULTS
When channel catfish with 0, low, medium or high Edwardsiella ictaluri antibody titers were challenged with E. ictaluri, they demonstrated a strong relationship between degree of protection and the antibody titer. Regression coefficient (R) values were 0.95 and Fig. 1 Ictalurus punctatus. Relationship between the degree of protection and antibody titer in channel catfish that survived a natural Edwardsiella ictaluri ~nfection. Fish in each antibody titer group were challenged by intraperitoneal injection with the E. ictaluri dose indicated 0.99 in the first and second trials, respectively (Fig. 1) . In challenge trials 1 and 2, groups of fish with no or low E. ictaluri antibody titers had the highest mortality (100 % and 72.22 %, respectively) while fish in the high antibody titer groups had the lowest mortality (57.7 % and 6.5 %, respectively). Mortalities of fish injected with 5.1 X 105 cells were lower than those of fish with corresponding antibody titers but injected with 2.0 X 10' E. ictaluri cells. The antibody titer in the control group reached a peak at 18 d post vaccination and gradually declined. Feed impregnated with E. ~ctaluri cell extract was applied 39 d post intraperitoneal immunization with the cell extract (Fig. 2) . The pattern of antibody titer was similar to the lunetics of the immune response of channel catfish to E. ictaluri (Vinitnantharat & Plumb 1992) . The antibody titer in the group fed every 10th day declined and then increased. However, in the group fed every 5th day, the antibody titer quickly stabilized and then increased.
Antibody titer

DISCUSSION
Following successful chemotherapy of ESC, which brings mortality due to Edwardsiella ictaluri temporarily under control, there have been numerous reports of relapses into clinical disease. Relapse is particularly evident during long periods of mild weather during spring and fall when water temperatures remain in the critical 20 to 28OC range, the ideal temperature for ESC (Plumb & Schwedler 1982) . It was shown in this study that the humoral antibody response of fish that survive an ESC epizootic varies from none (no antibody) to high (antibody titers greater than 1 : 1024). That fish with medium to high antibody titers are protected from reinfection suggests that it is the fish with lower titers that are vulnerable to E. ictaluri upon reexposure. The varying immune response of different fish probably explains the occurrence of relapses after a n epizootic. An lnlection challenge was chosen to ensure exposure of each fish to a known number of bacteria. Although ~t is an unnatural means of exposure, injection produces a more predictable mortality with a known number of Edwardsiella ictaluri than other methods of challenge.
It may not be appropriate to compare the 2 challenge experiments because they were carried out at different times, but fish in both trials were from the same population. In addition, ih the experiments the similarity of the slopes of the 2 regressions relating mortality to antibody titer in the surviving fish from the naturally Edwardsiella ictaluri infected population (Fig. 1) is a good indication that the results were repeatable and that the timing of the experiments had little effect. In the high antibody titer fish, 57.7 % died when challenged intraperitoneally with 2.0 X 10' cells fish-', but only 6.5 O/ O mortality occurred when the challenge dose was 5.1 X 105 cells fish-'. It can be concluded that the immunity of catfish can be overwhelmed if the number of E. ictaluri to which they are exposed 1s high enough. These data also indicate the need for using 2 or more concentrations of pathogens when testing for immunity, regardless of the method of infection.
Feeding antigen-impregnated feed at least every 5 d will maintain the antibody titer. However, the length of time and frequency that the antigen-impregnated feed should b e applied need to b e determined. The results in Fig. 2 were not analyzed statistically, because of the great variation in the antibody response of indwidual fish to the antigen. Indications are, however, that periodic restimulation of the immune response by feeding antigen (Edwardsiella ictaluri) to channel catfish would be helpful in maintaining a high antibody level in some of the fish in a given population and that it should provide increased protection for these fish against E. ictaluri. Present research is investigating the immunological efficacy of oral immunization. LITERATURE CITED Cossarini-Dunier, M. (1986) . Protection against enteric redmouth disease in rainbow trout, Salmo gairdneri Richardson, after vaccination with Yersinia ruckeri bacterin. J. Fish Dis. 9: 27-33 Dulley, R. A., Grieve, P. A. (1975) . A simple technique for
